Abstract Given c nickels among which there may be a counterfeit coin, which can only be told apart by its weight being di erent from the others, and moreover b balances. What is the minimal number of weighings to decide whether there is a counterfeit nickel, if so which one it is and whether it is heavier or lighter than a genuine nickel. We give an answer to this question for sequential and nonsequential strategies and we will consider the problem of more than one counterfeit coins.
Introduction
There is a well known problem of which one version reads like this: a man has twelve nickels among which there may be a counterfeit coin, which can only be told apart by its weight being di erent from the others. How can one tell in not more than three weighings whether there is a counterfeit nickel, if so which one it is and whether it is heavier or lighter than a genuine nickel. The balance we are allowed to use only gives the information whether two masses have the same weight or if not which one is heavier or lighter. We generalize this problem in three directions:
(P1) What is the minimal number of weighings to decide c coins? (P2) What is the minimal number of weighings to decide c coins when we are allowed to use b 1 balances? This means that we may distribute the set of our coins on b balances to get b informations in one weighing. Note that this procedure di ers from doing b weighings on one balance one after another.
(P3) What are the optimal strategies when more than one coin is counterfeit? We will distinguish between sequential and nonsequential strategies: A strategy to decide a certain number of coins is called sequential if each weighing may depend on the results of the preceding steps. A strategy is called nonsequential if it satis es the additional restriction that it states in advance exactly which coin is to put on which scale at each weighing, the choice being unin uenced by the results of the previous weighings. One of the results will be that for problem P1 and P2 sequential strategies are not shorter than nonsequential ones. This is not true for problem P3 . Moreover we will give a complete answer to problem P1 and P2 and consider a special case of problem P3.
Best possible sequential solution
In this section we deal with problem (P1) and (P2) and make a rough estimate for the maximal number of coins which can be decided in w weighings on b balances by a sequential strategy. Although this estimate involves only simple combinatorial techniques it will turn out that the estimate is sharp even if we replace sequential by nonsequential. In the proof we shall use the following notations: Now we present an interesting analogy of the problem in a completely di erent language which gives an additional insight to the considered structure. Let us look at the following network: To construct such a ow, rst consider an arbitrary maximal ow through the network.
With respect to , there exists a (2 c)-matrix with the properties (i)-(v).
The following picture shows, how parts of can be modi ed such that we get a maximal ow 0 , for which there exists a (2 c)-matrix M 2;c , (with respect to 0 ) satisfying also the property (vi).
Note that we can nd a maximal ow such that the corresponding matrix M 2;c 2 has no constant column and in M 2;c 2 ?1 neither Problem 1 What is in general the best sequential or nonsequential strategy when more than one coin is counterfeit of possibly di erent kind? In particular, need sequential solutions always less weighings than nonsequential ones? Problem 2 Assume that all possible cases of any coin to be heavier or lighter have the same probability. Let us call a sequential strategy S1 better than S2, if S1 needs less weighings than S2 in the average. What is the best strategy in this sense. 
